INTRODUCTION
O xcarbazepine is a poorly water-soluble, anti-epileptic drug according to the BCS system (Class II), and its dissolution is the rate-limiting step for absorption (1) . Drug absorption from solid dosage forms after oral administration depends on the release of the drug substance from the drug product, the dissolution or solubilization of the drug under physiological conditions, and the permeability across the gastrointestinal tract. Because of the critical nature of the first two steps, in vitro dissolution may be relevant to the prediction of in vivo performance. Based on this general consideration, in vitro dissolution tests for immediate-release solid oral dosage forms are used (1) to assess the lot-to-lot quality of a drug product; (2) to assess the stability of the drug product; (3) to ensure continuing product quality and performance after certain changes (e.g., changes in the formulation, manufacturing process, site of manufacture,
METHODS
All tablets were prepared using a direct compression method, and the OXC-HP b-CD complex was prepared by a kneading method. The formulation and batch codes of all tablets are described in Table 1 .
Dissolution Testing
In vitro dissolution studies of prepared tablets were carried out in 900 mL of 0.1 N HCl containing 0.25% sodium lauryl sulfate (SLS, pH 1.2) using USP Apparatus 2 (paddle method) with six replicates. The paddle rotation speed was 50 rpm, and a temperature of 37 ± 1 °C was used in each test. In all experiments, 5 mL of dissolution sample was withdrawn at 5, 10, 15, 20, 30, and 45 min, filtered using a 0.45-mm Whatman filter, and replaced with an equal volume of fresh medium to maintain a constant total volume. Samples were assayed by UV spectrophotometry at 256.5 nm (Shimadzu UV-1202, Tokyo, Japan). Cumulative percentages of drug dissolved from the tablets were calculated (10) .
Applied Methods to Compare Dissolution Profiles

Model-independent methods
For the determination of dissolution data equivalence, FDA guidance documents recommend approaches such as the model-independent approach based on the calculation of difference (f 1 ) and similarity (f 2 ) factors (11), which is currently applied (8) . The main advantage of the f 1 and f 2 equations is that they provide a simple way to compare the data. Nevertheless, both equations do not account for the variability or correlation structure of the data, and they are sensitive to the number of points used. From a statistical point of view, this method seems to be less discriminating than other methods, such as ANOVA and model-dependent methods. According to the FDA guidance (12) , f 1 values of 0-15 and f 2 values of 50-100 ensure sameness or equivalence of the two dissolution profiles. In both equations, R and T represent the dissolution measurements at P time points of the reference and test, respectively. 
Model-dependent methods OXC release kinetics was analyzed by various mathematical models, which were applied considering the amounts of drug released from 0 to 30 min. Table 2 presents the models tested (13) (14) (15) . Depending on these estimations, suitable mathematical models to describe the dissolution profiles were determined.
The following plots were made: cumulative % drug release versus time (zero-order kinetic model); log cumulative % drug remaining versus time (first-order kinetic model); cumulative % drug release versus square root of time (Higuchi model); cube root of drug % remaining in matrix versus time (Hixson-Crowell cube Table 2 . Applied Dissolution Methods
Model Equation
Zero-order
Hixson-Crowell
initial amount of drug in the tablet (16, 17) .
Statistical methods
To compare the dissolution profiles of C1-C4 batches, two-way analysis of variance (ANOVA) followed by the Tukey test was performed using Sigma Stat software (Sigma Stat 2.03, SPSS, USA). In this method, the percent dissolved was the dependent variable, and time was the repeated factor.
RESULTS AND DISCUSSION
The in vitro dissolution profiles of the tablets are shown in Figure 1 . Each data point represents a mean of six measurements for each product. All prepared batches except directly compressed tablets (DCT) complied with the dissolution specification, Q, stated in the USP (18) as dissolution not less than 80% of the labeled amount of OXC within 45 min.
Model-Independent Methods
The dissolution profile of the marketed tablet is dissimilar to the profiles of DCT and C1-C4. The cumulative drug release of the marketed tablets was 1.15 times faster than that of the DCT tablet, and the tablets containing HP b-CD with NaCMC exhibited 1.93 times faster release compared with marketed oxcarbazepine tablets. Therefore, it is concluded that formulations containing HP b-CD alone and in a blend with NaCMC enhance the solubility and release of oxcarbazepine and seem superior to the marketed formulation.
The dissolution profile of the formulation containing pure drug (DCT) was dissimilar to those of batches C1-C4 when calculated using dissimilarity (f 1 ) and similarity (f 2 ) factors (results not shown). The dissimilarity (f 1 ) and similarity (f 2 ) factors for batches C1-C4 are given in Table 3 . It was observed that the dissolution profiles of C2, C3, and C4 could be considered equivalent to one other. It seemed that batches C2-C4 were formulated using additives along with HP b-CD, so the dissolution profiles of OXC-HP b-CD tablets prepared from various additives (NaCMC, PVP k-30 and PEG 6000) may be similar.
The dissolution of OXC from batch C2 was approximately 99.29% in 30 min, so it was considered a most promising batch. The dissolution profiles of batch C1 (without additives) were expected to be dissimilar to batches C2, C3, and C4 (with additives) . The results show the dissimilarity between batches C1-C2 and C1-C4 but similarity between batches C1-C3.
Model-Dependent Methods
Linearization of the OXC dissolution profiles using the equations in Table 2 would better characterize the differences found among all batches. Plots for various kinetic models are shown in Figures 2-6 . Considering the determination coefficients (R 2 ), the calculated zero-order and first-order models failed to fit all the batches. The Higuchi model fit C2 but not all other batches. This can indicate that the release kinetics of the OXC-HP b-CD NaCMC complex tablet may be dependent on the square root of time, as in the Higuchi model, which can describe the drug dissolution from several types of modified release systems (e.g., plastic and wax matrices) (19) . The parameters and the R 2 values calculated by these models are summarized in Table 4 .
The R 2 value of the Hixson-Crowell model may be applied to all the batches. The release mechanism of the drug from the dosage form is a function of the cube root of the unreleased fraction of the drug with time. According to Costa (19) and Niebergall et al. (20) , the geometric shape of the tablet diminishes proportionally over time. It is assumed that the release rate is limited by the dissolution rate of drug particles. Although the Weibull distribution cannot adequately characterize the dissolution kinetic properties of the drug, it can describe the dissolution curve in terms of applicable parameters. The linearity of the Weibull plots is shown in Figure 6 . The shape parameter, b, characterizes the curve as either exponential (b = 1), S-shaped with upward curvature followed by a turning point (b > 1), or as one with a steeper initial slope than is consistent with the exponential (b < 1) (13) .
The calculated Weibull b parameter was <1 for batches M and C1-C4 (Table 4) , which indicates a parabolic curve with steeper initial slope than is consistent with the exponential. As was observed from the b values presented in Table 4 , batches C2-C4 show similarity in terms of dissolution curve shape. The b value for batch C1 is 0.6701, which is much different from those of C2-C4 (almost 0.9). The calculated Weibull b parameter was >1 for the batch containing pure drug (DCT), which indicates ) and represents the time interval necessary to dissolve 63.2% of the drug (13) . T d for DCT was approximately 2.46, 3.67, 3.07, and 3.30 times higher than for the C1, C2, C3, and C4 formulations, respectively, which reflects the dissimilarity between DCT and the prepared formulations (C1-C4). For batch C2, a minimum time was required to dissolve 63.2% drug as compared with other formulations. A higher T d value indicates slower release. Therefore, it was concluded that batch C2 gave faster release as compared with all other formulations. From the Weibull parameters, it was shown that T d is three times higher for OXC-HP b-CD with NaCMC tablets than for the marketed oxcarbazepine tablet. Taken together, the analysis performed by the Weibull model suggests that OXC release from formulations containing OXC-HP b-CD complexes is different from the formulation containing only OXC (DCT). Among the studied models, Weibull was considered a good model once it possessed parameters that are sensitive to the ranges of dissolution profiles.
Statistical Methods
From the results of the model-dependent (Weibull parameters) and model-independent methods, it was clear that the dissolution profiles of batch DCT were quite different from those of the other batches C1-C4; hence, DCT was not considered for comparison by two-way ANOVA.
The results of two-way ANOVA for batches C1-C4 are shown in Table 5 . From the results of Table 5 , it was concluded that (1) the differences in the mean values among the treatment groups are greater than would be expected by chance, (2) the calculated F value (15.073) is greater than tabulated F value (3.490), and (3) there is a statistically significant difference (P = 0.0002). To evaluate the differences among the four batches, the Tukey test was performed on the results of ANOVA. Results of the Tukey test show that there is a statistically significant difference between batches C1 and C2 as well as between C1 and C4, which is in accordance with the results of the model-independent method. Results of the Tukey test also show that statistically significant differences exist between batches C1 and C3. However, batches C1 and C3 are similar by the model-independent method (f 2 = 48). Therefore, further analysis was done using paired sample t-test on batches C1-C2, C1-C3, and C1-C4. The results of the t-test show statistically significant differences between batches C1-C2, C1-C3, and C1-C4, which confirms the results of the Tukey test. Thus, it was concluded that the statistical methods are more discriminative than the modelindependent method for the comparison of the dissolution profiles of OXC-HP b-CD tablet formulations.
CONCLUSION
A fast-release oxcarbazepine tablet was prepared successfully by using a blend of HP b-CD with NaCMC, which enhanced dissolution release rate via solubility and achieved the required dissolution profile. Drug release from this formulation corresponds best to the Hixson-Crowell model, which indicates the release of drug from the surface of granular matrices. The a and b parameters of the Weibull model suggest a meaningful comparison of level (location) and homogeneity in profile shape. From among the models used for the comparison of the in vitro dissolution profiles, it was concluded that model-independent methods are simpler, but discrimination between profiles was found using model-dependent and Weibull models. 
